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(54) PERIPHERY RECOGNITION DEVICE

(67)  Provided is a periphery recognition device that
makes it possible to: minimize the load from object rec-
ognition processing for recognizing an object moving be-
tween one region covered by a long-distance sensor
and/or a wide-angle short-distance sensor to another
such region; the periphery recognition device being able
to reduce the proportion of non-recognition or erroneous
recognition of objects moving from a region covered by
the long-distance sensor or the wide-angle short-dis-
tance sensor to a boundary region. There is provided a
first sensor 11a, a second sensor 11b, a long-distance
object recognition unit 13 for recognizing an object

present in a long-distance area on the basis of three-di-
mensional long-distance data calculated on the basis of
situation data acquired using the first sensor 11a, a
short-distance object recognition unit 14 for recognizing
an object presentin awide-angle and short-distance area
on the basis of three-dimensional wide-angle short-dis-
tance data calculated on the basis of situation data ac-
quired using the second sensor 11b, and a feedback unit
15 for transferring information relating to the objects be-
tween the long-distance object recognition unit 13 and
the short-distance object recognition unit 14.
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Description
Technical Field

[0001] The presentinvention relatestoaperiphery rec-
ognition device, and more particularly to a periphery rec-
ognition device that is suitably attached to a sensor for
long-distance detection and a sensor for wide-angle and
short-distance detection.

Background Art

[0002] In recent years, an image processing device
that detects a solid object (three-dimensional object) by
utilizing a stereo camera has been used.

[0003] The image processing device is used in appli-
cations for monitoring systems that detect invasions of
suspicious individuals and other abnormalities and on-
board systems that support safe driving of cars.

[0004] In onboard environment, it is necessary to im-
plement detection and distance measurement of an ob-
ject and find out a safe steering method in advance in
order to satisfy a requirement of an application for de-
tecting a vehicle, a pedestrian, and an object positioned
on a front side, for example.

[0005] In animage processing apparatus disclosed in
PTL 1, a plurality of cameras are used and distances
from the cameras to objects present in a long-distance
area and a short-distance area are detected by combin-
ing distance images regarding long and short distances,
and a scale of hardware or software is reduced through
a solid object detection function that uses the combined
distance image.

Citation List
Patent Literature

[0006] PTL 1:Japanese Patent Application Laid-Open
No. 2012-103109

Summary of Invention
Technical Problem

[0007] Inthe above-described conventional technique
for recognizing a type (kind) of a detected object; how-
ever, when an object moves from a region covered by a
long-distance camera to a region covered by a short-
distance camera, or moves in the opposite direction
thereof, it is necessary to perform perfect object recog-
nition with respect to a candidate object entering that
region, and a load of object recognition processing in-
creases. In addition, the measurement accuracy gener-
ally decreases in a boundary region, and thus, there is a
problem of an increase in proportion of non-recognition
or erroneous recognition of the object that has moved to
the boundary region from the region covered by the long-
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distance camera or the short-distance camera.

[0008] The present invention has been made in view
of the above-described problems, and an object thereof
is to provide a periphery recognition device that makes
it possible to: minimize a load from object recognition
processing for recognizing an object moving between
one region covered by a long-distance sensor and/or a
wide-angle short-distance sensor to another such region;
and reduce the proportion of non-recognition or errone-
ous recognition of an object moving from the region cov-
ered by the long-distance sensor or the wide-angle short-
distance sensor to a boundary region.

Solution to Problem

[0009] Inorderto solve the above-described problems,
the periphery recognition device according to the present
invention includes: a first sensor that is configured to ac-
quire situation data of a long-distance area; a second
sensor that has a detection region having a wider angle
than the first sensor and is configured to acquire situation
data of a short-distance area in the detection region; a
long-distance object recognition unit that recognizes an
object present in the long-distance area based on three-
dimensional long-distance data calculated based on the
situation data acquired by the first sensor; a short-dis-
tance object recognition unit that recognizes an object
present in a wide-angle and short-distance area based
on three-dimensional wide-angle short-distance data cal-
culated based on the situation data acquired by the sec-
ond sensor; and an information linkage unit that transfers
information relating to the object between the long-dis-
tance object recognition unit and the short-distance ob-
ject recognition unit.

[0010] In addition, the periphery recognition device ac-
cording to the present invention includes: a sensor that
is configured to acquire situation data outside a vehicle;
and an object recognition unit that detects and recogniz-
es an object based on the situation data acquired by the
sensor. The object recognition unit specifies a relatively-
moving body relatively moving from a recognizable re-
gion where it is possible to detect and recognize the ob-
ject to a detectable region where it is possible to detect
the object but difficult to recognize the object based on
a recognition result in the recognizable region.

Advantageous Effects of Invention

[0011] According to the periphery recognition device
of the present invention, it is possible to minimize the
load from the object recognition processing for recogniz-
ing the object moving between one region covered by
the first sensor for long distance and/or the second sen-
sor for wide angle and short distance to another such
region, and further, itis possible to reduce the proportion
of non-recognition or erroneous recognition of the object
moving from one (recognizable region) of the regions
covered by the first sensor for long distance and the sec-
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ond sensor for wide angle and short distance to the
boundary region (detectable region).

[0012] Otherobjects, configurations, and effects which
have not been described above become apparent from
embodiments to be described hereinafter.

Brief Description of Drawings
[0013]

FIG. 1is a block diagram illustrating an internal con-
figuration of a first embodiment of a periphery rec-
ognition device according to the present invention.

FIG. 2 is a plan view illustrating a detection region
covered by each camera illustrated in FIG. 1.

FIG. 3 is a view illustrating an overview of a solid
object map.

FIG. 4is aview llustrating a situation where a vehicle
equipped with the periphery recognition device illus-
trated in FIG. 1 is at an intersection, in which (A) is
an overhead view thereof, and (B) is a view illustrat-
ing a scene ahead of the vehicle.

FIG. 5 is an overhead view sequentially illustrating
a situation where the vehicle equipped with the pe-
riphery recognition device illustrated in FIG. 1 enters
an intersection, in which (A) is a view illustrating a
situation where a pedestrian is included in a long-
distance recognizable region, (B) is a viewillustrating
a situation where a pedestrian is included in a de-
tectable region, and (C) is a view illustrating a situ-
ation where a pedestrian is included in a short-dis-
tance recognizable region.

FIG. 6 is a flowchart describing object recognition
processing performed by the periphery recognition
device illustrated in FIG. 1.

FIG. 7 is a block diagram illustrating an internal con-
figuration of a second embodiment of a periphery
recognition device according to the present inven-
tion.

FIG. 8 is an overhead view illustrating a situation
where a vehicle equipped with the periphery recog-
nition deviceillustrated in FIG. 7 is at an intersection,
in which (A) is a view illustrating a situation where a
two-wheeled vehicle is included in a long-distance
recognizable region, and (B) is a view illustrating a
situation where a two-wheeled vehicle is included in
a detectable region.

FIG. 9is a block diagram illustrating an internal con-
figuration of a third embodiment of a periphery rec-
ognition device according to the present invention.

FIG. 10 is an overhead view sequentially illustrating
a situation where a vehicle equipped with the periph-
ery recognition device illustrated in FIG. 9 travels on
an arterial road, in which (A) is a view illustrating a
situation where a vehicle traveling in an overtaking
lane is included in a short-distance recognizable re-
gion, (B) is a view illustrating a situation where a
vehicle traveling in an overtaking lane is included in
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a detectable region, and (C) is a view illustrating a
situation where a vehicle traveling in an overtaking
lane is included in a long-distance recognizable re-
gion.

Description of Embodiments

[0014] Hereinafter, embodiments of a periphery rec-
ognition device according to the present invention will be
described with reference to the drawings. Hereinafter,
the description will be given regarding a case where a
first sensor for long-distance detection and asecond sen-
sor for wide-angle and short-distance detection are con-
stituted by a stereo camera device provided with a pair
of onboard cameras including a camera suitable for long-
distance detection and a camera suitable for wide-angle
and short-distance detection. However, it is a matter of
course that the first sensor and the second sensor may
be constituted, for example, by a detection device includ-
ing a radar, an ultrasonic sensor, and the like.

<First Embodiment>

[0015] FIG. 1is a block diagram illustrating an internal
configuration of a first embodiment of a periphery recog-
nition device according to the present invention.

[0016] Asiillustrated inthe drawing, a periphery recog-
nition device 1 of the present embodiment basically in-
cludes two cameras (sensors) 11a and 11b installed at
the same height, an object recognition unit 18 including
a three-dimensional distance image generation unit 12,
a long-distance object recognition unit 13, a short-dis-
tance object recognition unit 14, and a feedback unit (in-
formation linkage unit) 15, and a control application
processing unit 16.

[0017] The two cameras 11a and 11b are arranged at
approximately the same position of a vehicle, for exam-
ple, toward a front side of the vehicle in order to acquire
situation data outside the vehicle, the camera 11a s suit-
able for long-distance detection (that is, a camera that
can acquire situation data of an object or the like present
in a long-distance area with high accuracy), and the cam-
era 11b is suitable for wide-angle and short-distance de-
tection (that is, a camera that has a wider-angle field of
view (detection region) as compared with the camera11a
and can acquire situation data of an object or the like
presentin a wide-angle and short-distance area with high
accuracy) (see FIG. 2).

[0018] The three-dimensional distance image genera-
tion unit 12 functions as a three-dimensional data gen-
eration unit that calculates three-dimensional long-dis-
tance data based on the situation data obtained by the
camera (first sensor) 11a and calculates three-dimen-
sional wide-angle short-distance data based on the sit-
uation data obtained by the camera (second sensor) 11b.
[0019] Specifically, the three-dimensional distance im-
age generation unit 12 performs stereo matching using
image signals received from the cameras 11a and 11b
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and creates a three-dimensional distance image for a
long distance relating to a region 100d illustrated in FIG.
4(B) and a three-dimensional distance image for a wide
angle and a near distance relating to a region 100e illus-
trated in FIG. 4(B). In this stereo matching, a unitimage
that minimizes a difference between the image signals
is determined among unit images each of which is set in
advance for two images compared with each other. That
is, aregion where the same object is projected is detect-
ed. Accordingly, the three-dimensional distance image
for a long distance and the three-dimensional distance
image for a wide angle and a short distance are formed.
Incidentally, the three-dimensional distance image is an
image having a value of a distance from the camera to
the object in real environment. In addition, the three-di-
mensional distance image generation unit 12 creates the
image (long-distance image) for the long distance relat-
ing to the region 100d illustrated in FIG. 4(B) and the
image (short-distance image) forawide angle and ashort
distance relating to the region 100e illustrated in FIG.
4(B).

[0020] The long-distance object recognition unit 13
functions as a first object recognition unit that recognizes
an object presentin a long-distance area as afirstregion,
and recognizes a solid object in an image based on the
three-dimensional distance image and the long-distance
image (three-dimensional long-distance data) for the
long distance created by the three-dimensional distance
image generation unit 12. Next, the long-distance object
recognition unit 13 transmits information on the recog-
nized solid object to the feedback unit 15.

[0021] The feedback unit 15 functions as the informa-
tion linkage unit that transfers information relating to the
object between the long-distance object recognition unit
13 and the short-distance object recognition unit 14.
Here, the feedback unit 15 records the information on
the solid object recognized by the long-distance object
recognition unit 13 and transmits the stored information
onthe solid object to the short-distance object recognition
unit 14.

[0022] In this case, the feedback unit 15 can include a
solid object map 15a which indicates at least a type of
the solid object and a current position and speed of the
three-dimensional object in the real environment as illus-
trated in FIG. 3, in order to record object recognition in-
formation created by the long-distance object recognition
unit 13 and the short-distance object recognition unit 14.
[0023] The short-distance object recognition unit 14
functions as a second object recognition unit that recog-
nizes an object present in a wide-angle and short-dis-
tance area as a second region, different from the first
region, and detects an object present in a detectable re-
gion (to be described later) as a third region, different
from the first region and the second region, and recog-
nizes a solid object in an image based on the three-di-
mensional distance image and the short-distance image
(three-dimensional wide-angle short-distance data) for
the short distance created by the three-dimensional dis-
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tance image generation unit 12. Next, the short-distance
object recognition unit 14 reads the information on the
recognized solid object transmitted by the feedback unit
15.

[0024] The control application processing unit 16 de-
termines a control application (control operation) to be
executed by the vehicle on which the periphery recogni-
tion device 1 is mounted in accordance with the solid
objectrecognized by the long-distance object recognition
unit 13 and the short-distance object recognition unit 14.
[0025] Next, a case where the periphery recognition
device 1 is applied as a system configured to monitor the
surroundings of the vehicle will be described in more de-
tail with reference to FIGS. 2 and 4 to 6.

[0026] FIG. 2 illustrates each field of view (detection
regions 100a and 100b) of the cameras 11a and 11b
mounted on a vehicle V. The camera 11a has the detec-
tion region 100a at a viewing angle 6a, and a region (re-
gion apart from the vehicle V by a predetermined dis-
tance) 101a outside the detection region 100a is set to
along-distance "recognizable region" (firstregion). In ad-
dition, the camera 11b has the detection region 100b at
a viewing angle 6b (> 6a), a region (region within a pre-
determined distance from the vehicle V) 101b inside the
detection region 100b is set to a wide-angle and short-
distance "recognizable region" (second region), and a
region (region apart from the vehicle V by the predeter-
mined distance) outside the detection region 100b, par-
ticularly, a lateral region 101c of the long-distance "rec-
ognizable region" 101a thereof is set to the "detectable
region (also referred to as a boundary region)" (third re-
gion).

[0027] In this specification, the term "recognizable"
means to be capable of acquiring various types of infor-
mation relating to an object, such as a type (a vehicle, a
two-wheeled vehicle, a bicycle, a pedestrian, a guardrail,
a signal, a utility pole, or the like) of the object (solid ob-
ject), a position of the object, and speed of the object,
and the term "detectable" means to be capable of acquir-
ing information such as a position of an object and speed
ofthe object although information relating to, forexample,
a type of the object (solid object) cannot be acquired.
That is, measurement accuracy is lower in the above-
described "detectable region" 101c than in the wide-an-
gle and short-distance "recognizable region" 101b, and
thus, there is a possibility that the object recognition be-
comes difficult in the "detectable region" 101c.

[0028] FIG. 4 illustrates a situation where the vehicle
V equipped with the periphery recognition device 1 illus-
trated in FIG. 1 is at an intersection.

[0029] FIG. 4(A) is an overhead view when a pedes-
trian PA, a pedestrian PB, and a vehicle VA are in the
field of view of (the cameras 11a and 11b of) the periphery
recognition device 1. Here, FIG. 4(A) illustrates a state
where the vehicle VA is in the long-distance "recogniza-
ble region" 101a, the pedestrian PA is in the wide-angle
and short-distance "recognizable region" 101b, and the
pedestrian PB has moved from the long-distance "rec-
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ognizable region" 101a and is in the "detectable region"
101c.

[0030] Inaddition, FIG. 4(B) illustrates a state obtained
by displaying the above-described situation by images
acquired by the cameras 11a and 11b, the region 100d
is a region covered by the long-distance "recognizable
region" 101a, and the region 100e corresponds to a re-
gion covered by the wide-angle and short-distance "rec-
ognizable region" 101b and the "detectable region" 101c.
As described above, the pedestrian PA in the region 100e
is in the wide-angle and short-distance "recognizable re-
gion", and thus, is recognizable as a pedestrian. Howev-
er, the pedestrian PB in the region 100e is in the "detect-
able region", and thus, there is a possibility that it is dif-
ficult to recognize whether the pedestrian PB is a pedes-
trian only with the information obtained from the camera
11b.

[0031] FIG. 5 sequentially illustrates a situation where
the vehicle V equipped with the periphery recognition de-
vice 1 illustrated in FIG. 1 enters an intersection.
[0032] As illustrated in FIG. 5(A), pedestrians P1 and
P2 (relatively-moving bodies which are objects that rel-
atively move with respect to the vehicle V) enter the long-
distance "recognizable region" 101a as the vehicle V ap-
proaches the intersection, and thus, the pedestrians P1
and P2 are recognized by the long-distance object rec-
ognition unit 13 (according to a flow illustrated in FIG. 6
to be described later), and solid object information (infor-
mation relating to the solid object) as a recognition result
is recorded in the feedback unit 15.

[0033] Next, the pedestrians P1 and P2 move from the
long-distance "recognizable region" 101a and reach the
"detectable region" 101c when the vehicle V continues
to move toward the intersection as illustrated in FIG. 5(B).
Here, the short-distance object recognition unit 14 esti-
mates the current position of the solid object recorded
by the long-distance object recognition unit 13 using the
solid object information transmitted from the feedback
unit 15, and collates this estimation result with a result
of the object detection processing step S3 illustrated in
FIG. 6 to be described later, thereby calculating the solid
object information on the pedestrians P1 and P2.
[0034] Next, when the pedestrians P1 and P2 move
from the long-distance "recognizable region" 101a and
reach the wide-angle and short-distance "recognizable
region" 101b asillustrated in FIG.5(C), the short-distance
object recognition unit 14 calculates the solid object in-
formation on the pedestrians P1 and P2 using the solid
object information transmitted from the feedback unit 15
and the result of the object detection processing step S3
illustrated in FIG. 6 to be described later.

[0035] FIG. 6 is a flowchart describing object recogni-
tion processing performed by the periphery recognition
device 1 illustrated in FIG. 1, and particularly, a process
executed by each of the long-distance object recognition
unit 13 and the short-distance object recognition unit 14.
[0036] First, the three-dimensional distance image and
a region image corresponding to each other generated
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by the three-dimensional distance image generation unit
12 are processed in an object recognition preprocessing
step S1. Incidentally, a conventionally-known method
can be applied in this processing method, and thus, a
detailed description thereof will be omitted here.

[0037] Next, the solid object information transmitted by
the feedback unit 15 is read out if readable in a feedback
data receiving step S2, and a position in the real envi-
ronment of the solid object as a candidate is calculated
in the object detection processing step S3.

[0038] Next, whether the solid object information relat-
ing to the solid object as the candidate is included in the
solid object information transmitted by the feedback unit
15 is determined in an object data presence confirming
step S4. When it is determined that such information is
not included, a type (kind) of object recognition process-
ing that needs to be executed based on characteristics
of the solid object as the candidate is determined in a
processing type determination step S5, and recognition
processing determined in the processing type determi-
nation step S5 is executed to generate solid object infor-
mation including at least a type, a current position, and
speed of the solid object in an object recognition process-
ing step S6.

[0039] On the other hand, when it is determined that
the solid object information on the solid object as the
candidate is included in the solid objectinformation trans-
mitted by the feedback unit 15 in the object data presence
confirming step S4, whether the solid object as the can-
didate is in the "recognizable region" is determined in a
recognizable test step S7. When it is determined to be
in the "recognizable region", the solid object information
is generated using the solid object information transmit-
ted from the feedback unit 15 and the result of the object
detection processing step S3 (the position in the real en-
vironment of the solid object) in an object information
updating step S9.

[0040] On the other hand, when it is determined that
the solid object as the candidate is not in the "recogniz-
able region" in the recognizable test step S7, a current
position of the solid object whose information is included
in the information transmitted from the feedback unit 15
is calculated in a current position estimation step S8, this
calculation result is collated with the result of the object
detection processing step S3 (the position in the real en-
vironment of the solid object), and the solid object infor-
mation is generated using the solid information transmit-
ted from the feedback unit 15 and the result of the object
detection processing step S3 in the object information
updating step S9.

[0041] Then, the solid object information generated in
the object recognition processing step S6 or the object
information updating step S9 is recorded in the feedback
unit 15 in an object information recording step S10.
[0042] In this manner, the first object recognition unit
that recognizes the object present in the first region and
the second object recognition unit that recognizes the
object presentin the second region different from the first
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region and detects the object present in the third region
different from the first region and the second region are
provided, and the information linkage unit (feedback unit)
transfers the information relating to the object between
the first object recognition unit and the second object
recognition unit according to the periphery recognition
device 1 of the present embodiment. Specifically, the
feedback unit 15 is configured to transfer the information
relating to the object between the long-distance object
recognition unit 13 and the short-distance object recog-
nition unit 14, the information to be transmitted includes
the object recognition information created by the long-
distance objectrecognition unit 13 and the short-distance
object recognition unit 14, and the object recognition in-
formation to be transmitted is used to determine whether
the object has moved from one of the regions 101a and
101b (see FIG. 2) covered by the respective cameras
(the first sensor and the second sensor) 11a and 11b to
the other region. The object is recognized based on the
object recognition information to be transmitted, and
thus, it is possible to minimize a processing load from
one or both of the long-distance object recognition unit
13 and the short-distance object recognition unit 14 (in
the first embodiment, the short-distance object recogni-
tion unit 14).

[0043] In addition, the object recognition information
created by the long-distance object recognition unit 13
and the short-distance object recognition unit 14 is re-
corded in the feedback unit 15, and thus, this object rec-
ognition information is used to recognize an object that
has moved from one of the regions 101a and 101b (see
FIG. 2, the "recognizable region") covered by the respec-
tive cameras (the first sensor and the second sensor)
11a and 11b and is present in the region 101c (see FIG.
2, the "detectable region") therebetween. Thus, it is pos-
sible to reduce the proportion of non-recognition or erro-
neous recognition of an object having moved from the
"recognizable region" and reached the "detectable re-
gion".

[0044] That is, with such configuration and operation
of the periphery recognition device 1 according to the
first embodiment, it is possible to minimize the load from
the short-distance object recognition unit 14 when the
object (relatively-moving object) has moved from the
long-distance "recognizable region" and reached the
short-distance "recognizable region", and it is possible
to reduce the proportion of non-recognition or erroneous
recognition of the object (relatively-moving body) that has
moved from the long-distance "recognizable region" and
reached the "detectable region".

<Second Embodiment>

[0045] FIG. 7 is a block diagram illustrating an internal
configuration of a second embodiment of a periphery rec-
ognition device according to the present invention.

[0046] A peripheryrecognition device 1A ofthe second
embodimentillustrated in FIG. 7 is different from the pe-
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riphery recognition device 1 of the first embodiment illus-
trated in FIG. 1 only in terms that an object behavior pre-
diction unit 17A is provided, and the other configurations
are substantially the same. Therefore, the same refer-
ence numerals are given to the same configurations as
those of the periphery recognition device 1 of the first
embodiment, and a detailed description thereof will be
omitted. Hereinafter, the object behavior prediction unit
17A, which is the difference, will be mainly described.
[0047] The object behavior prediction unit 17A calcu-
lates a prediction value of a path in the real environment
that an object is planned to follow in the future according
to characteristics of the object obtained from solid object
information (including at least a type, a current position,
and speed of the solid object) generated by one or both
of along-distance objectrecognition unit 13A and a short-
distance object recognition unit 14A.

[0048] A control application processing unit 16A deter-
mines a control application (control operation) to be ex-
ecuted by a vehicle on which the periphery recognition
device 1A is mounted in accordance with the solid object
recognized by the long-distance object recognition unit
13A and the short-distance object recognition unit 14A
and a behavior of the object predicted by the object be-
havior prediction unit 17A.

[0049] Next, a case where the periphery recognition
device 1A is applied as a system configured to monitor
the surroundings of the vehicle will be described in more
detail with reference to FIG. 8.

[0050] FIG. 8 illustrates a situation where a vehicle V
equipped with the periphery recognition device 1A illus-
trated in FIG. 7 is at an intersection and a driver of the
vehicle V is to turn right following a path PT1.

[0051] Asillustrated in FIG. 8(A), a two-wheeled vehi-
cle TV1 (relatively-moving body) is recognized by the
long-distance object recognition unit 13A in this situation,
the solid object information generated in this manner is
used by the object behavior prediction unit 17A in order
to determine the control application to be executed by
the vehicle V and to calculate a path PT2 of the solid
object to be used by the control application processing
unit 16A (in the illustrated example, a path along which
the two-wheeled vehicle TV1 travels straight on the op-
posite lane).

[0052] In addition, when the two-wheeled vehicle TV1
has moved from the long-distance "recognizable region"
101a and reached the "detectable region" 101c as illus-
trated in FIG. 8(B), the short-distance object recognition
unit 14A calculates the solid object information on the
two-wheeled vehicle TV1 using the solid object informa-
tion transmitted from a feedback unit 15A. Then, the solid
object information generated in this manner is used by
the object behavior prediction unit 17A in order to deter-
mine the control application to be executed by the vehicle
V and to calculate a path PT3 of the solid object to be
used by the control application processing unit 16A (in
the illustrated example, a path along which the two-
wheeled vehicle TV1 further travels straight).
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[0053] Inperipheryrecognition device 1A ofthe second
embodiment as well, it is possible to reduce the propor-
tion of non-recognition or erroneous recognition of the
object (relatively-moving object) that has moved from the
long-distance "recognizable region" and reached the "de-
tectable region”, similarly to the periphery recognition de-
vice 1 of the first embodiment described above.

<Third Embodiment>

[0054] FIG. 9is a block diagram illustrating an internal
configuration of a third embodiment of a periphery rec-
ognition device according to the present invention.
[0055] A periphery recognition device 1B of the third
embodiment illustrated in FIG. 9 is different from the pe-
riphery recognition device 1 of the first embodiment illus-
trated in FIG. 1 in terms that information is exchanged
bidirectionally between a long-distance object recogni-
tion unit 13B and a feedback unit 15B and between a
short-distance object recognition unit 14B and the feed-
back unit 15B, and the other configurations are substan-
tially the same. Therefore, the same reference numerals
are given to the same configurations as those of the pe-
riphery recognition device 1 of the first embodiment, and
adetailed description thereof will be omitted. Hereinafter,
the difference will be mainly described.

[0056] Specifically, in the periphery recognition device
1B according to the third embodiment, the short-distance
object recognition unit 14B reads information on the rec-
ognized solid object from the feedback unit 15B or
records the information in the feedback unit 15B, and
uses the information for a process of recognizing a solid
object based on a three-dimensional distance image and
a short-distance image for a short distance created by a
three-dimensional distance image generation unit 12B.
Further, the long-distance object recognition unit 13B
reads information on the recognized solid object from the
feedback unit 15B or records the information in the feed-
back unit 15B, and uses the information for the process
ofrecognizing a solid object based on a three-dimension-
al distance image and a long-distance image for a long
distance created by a three-dimensional distance image
generation unit 12B. In addition, the feedback unit 15B
records the information on the solid object recognized by
the short-distance object recognition unit 14B and the
long-distance object recognition unit 13B and transmits
the stored solid object information to the short-distance
object recognition unit 14B and the long-distance object
recognition unit 13B.

[0057] Next, a case where the periphery recognition
device 1B is applied as a system configured to monitor
the surroundings of the vehicle will be described in more
detail with reference to FIG. 10.

[0058] FIG. 10sequentially illustrates a situation where
the vehicle V equipped with the periphery recognition de-
vice 1B illustrated in FIG. 9 travels on an arterial road.
[0059] When a vehicle V1 (relatively-moving body)
travels on an overtaking lane next to a lane on which the
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vehicle V travels (speed of the vehicle V1 is faster than
speed of the vehicle V) as illustrated in FIG. 10(A), the
vehicle V1 first enters the short-distance "recognizable
region" 101b, and thus, the vehicle V1 is recognized (ac-
cording to the flow illustrated in FIG. 6) by the short-dis-
tance object recognition unit 14B, and solid object infor-
mation as arecognition resultis recorded in the feedback
unit 15B.

[0060] Next, when the vehicle 1 continues to move for-
ward to move from the short-distance "recognizable re-
gion" 101b and reaches the "detectable region" 101c as
illustrated in FIG. 10(B), the short-distance object recog-
nition unit 14B estimates a current position of the solid
object recorded by the short-distance object recognition
unit 14B using the solid object information transmitted
from the feedback unit 15B, and collates a result of the
estimation with the result of the object detection process-
ing step S3 illustrated in FIG. 6, thereby calculating the
solid object information on the vehicle V1.

[0061] Next, when the vehicle V1 moves from the
short-distance "recognizable region" 101b and reaches
the long-distance "recognizable region" 101a as illustrat-
edinFIG. 10(C), the long-distance object recognition unit
13B calculates the solid object information on the vehicle
V1 using the solid object information transmitted from the
feedback unit 15B and the result of the object detection
processing step S3 illustrated in FIG. 6.

[0062] For example, when the speed of the vehicle V1
is slower than the speed of the vehicle V, and the vehicle
V1 moves from the long-distance "recognizable region"
101a, passes through the "detectable region" 101c, and
reaches the short-distance "recognizable region" 101b,
the solid objectinformation on the vehicle V1 is calculated
in the same manner as in the first embodiment described
above (that is, the solid object information generated by
the long-distance object recognition unit 13B is handed
over to the short-distance object recognition unit 14B).
[0063] In the periphery recognition device 1B of the
third embodiment as well, it is possible to minimize the
load from the long-distance object recognition unit 13B
when the object (relatively-moving object) has moved
from the short-distance "recognizable region" and
reached the long-distance "recognizable region", and it
is possible to reduce the proportion of non-recognition or
erroneous recognition of the object (relatively-moving
body) that has moved from the short-distance "recogniz-
able region" and reached the "detectable region", simi-
larly to the periphery recognition device 1 of the first em-
bodiment described above.

[0064] In the first to third embodiments described
above, the description has been given basically regard-
ing the case where the object moves from the long-dis-
tance "recognizable region", passes through the "detect-
able region", and reaches the short-distance "recogniz-
able region" and the solid object information generated
by the long-distance object recognition unitis transmitted
to the short-distance object recognition unit via the feed-
back unit, and the case where the object moves from the
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short-distance "recognizable region", passes through the
"detectable region", and reaches the long-distance "rec-
ognizable region" and the solid object information gen-
erated by the short-distance object recognition unit is
transmitted to the long-distance object recognition unit
via the feedback unit. However, the solid object informa-
tion generated by the long-distance object recognition
unit may be input again to the long-distance object rec-
ognition unit from the feedback unit and used when the
object moves from the long-distance "recognizable re-
gion", passes through the "detectable region", and enters
the long-distance "recognizable region" again, and the
solid object information generated by the short-distance
object recognition unit may be input again to the short-
distance object recognition unit from the feedback unit
and used when the object moves from the short-distance
"recognizableregion”, passes through the "detectable re-
gion", and enters the short-distance "recognizable re-
gion" again. In addition, it is obvious that the above-de-
scribed effects of the present invention can be obtained
as the solid object information generated by the long-
distance object recognition unit is transmitted to the
short-distance object recognition unit via the feedback
unit even at a stage where the object has moved from
the long-distance "recognizable region" and reached the
"detectable region".

[0065] Incidentally, the presentinvention is not limited
to the above-described first to third embodiments, and
includes various modifications. For example, the above-
describedfirstto third embodiments have been described
in detail in order to describe the present invention in an
easily understandable manner, and are not necessarily
limited to one including the entire configuration that has
been described above. In addition, some configurations
of a certain embodiment can be substituted by configu-
rations of another embodiment, and further, a configura-
tion of another embodiment can be added to a configu-
ration of a certain embodiment. In addition, addition, de-
letion or substitution of other configurations can be made
with respect to some configurations of each embodiment.
[0066] Incidentally, the fact that the periphery recogni-
tion devices 1, 1A, and 1B include the recognizable re-
gion in which it is possible to detect and recognize the
object and the detectable region in which it is possible to
detect the object but it is difficult to recognize the object
has been described in the above-described embodi-
ments. In a general periphery recognition device, the rec-
ognition (or identification) is performed when an object
is present in the recognizable region, but it is difficult to
perform the recognition any longer once the object has
moved to the detectable region. Here, the movement of
the object may be caused by movement of the vehicle,
by movement of the object, or by movement of both the
vehicle and the object.

[0067] Thereis a case where such a relatively-moving
body moves again to the recognizable region once after
moving from the recognizable region to the detectable
region, and there is a risk that the load of the recognition
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processing increases or a risk that recognition accuracy
decreases by performing the recognition processing
again when the relatively-moving body has moved again
to the recognizable region. Thus, if past recognition re-
sults in the recognizable region can be used when the
object has relatively moved to the detectable region from
the recognizable region, it is possible to reduce the load
ofthe recognition processing and improve the recognition
accuracy.

[0068] In addition, as the periphery recognition device,
it is possible to consider the configuration in which the
sensor that is configured to acquire situation data outside
the vehicle and the object recognition unit that detects
and recognizes the object based on the situation data
acquired by the sensor are provided, and the object rec-
ognition unit specifies the relatively-moving body rela-
tively moving from the recognizable region (first or sec-
ond region) where it is possible to detect and recognize
the object to the detectable region (third region) where it
is possible to detect the object but difficult to recognize
the object based on the recognition result in the recog-
nizable region (first or second region). This configuration
is not limited to the periphery recognition device having
the plurality of sensors as in the above-described em-
bodiments, but can be also applied to a device having
only one sensor.

[0069] In addition, a part or all of each of the above-
described configurations, functions, processing units,
processing means, and the like may be realized, for ex-
ample, by hardware by designing with an integrated cir-
cuit and the like. In addition, each of the above-described
configurations, functions, and the like may also be real-
ized by software by causing a processor to interpret and
execute a program for realizing each of the functions.
Information such as programs, tables, and files that re-
alize therespective functions can be installed in a storage
device such as a memory, a hard disk, and a solid state
drive (SSD), or a storage medium such as an IC card,
an SD card, and a DVD.

[0070] Inaddition, only acontrolline and an information
line considered to be necessary for the description have
beenillustrated, and all control lines and information lines
required as a product are not illustrated. It may be con-
sidered that most of the configurations are practically
connected to each other.

Reference Signs List

[0071]
1 periphery recognition device
11a camera (first sensor)

11b camera (second sensor)

12 three-dimensional distance image generation
unit
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13 long-distance object recognition unit

14 short-distance object recognition unit

15 feedback unit (information linkage unit)

15a solid object map

16 control application processing unit

100a  detection region of camera 11a

100b  detection region of camera 11b

101a long-distance recognizable region (first region)

101b  wide-angle and short-distance recognizable re-
gion (second region)

101c  detectable region (third region)

Claims

1. A periphery recognition device comprising:

a first sensor that is configured to acquire situ-
ation data of a long-distance area;

asecond sensor that has a detection region hav-
ing a wider angle than the first sensor and is
configured to acquire situation data of a short-
distance area in the detection region;

a long-distance object recognition unit that rec-
ognizes an object present in the long-distance
area based on three-dimensional long-distance
data calculated based on the situation data ac-
quired by the first sensor;

a short-distance object recognition unit that rec-
ognizes the object present in a wide-angle and
short-distance areabased on three-dimensional
wide-angle short-distance data calculated
based on the situation data acquired by the sec-
ond sensor; and

an information linkage unit that transfers infor-
mation relating to the object between the long-
distance object recognition unit and the short-
distance object recognition unit.

The periphery recognition device according to claim
1, wherein

the information linkage unit comprises a solid object
map that is configured to record object recognition
information created by the long-distance object rec-
ognition unit and the short-distance object recogni-
tion unitand indicates at least a type of a solid object,
and a current position and speed in real environment
of a three-dimensional object.
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The periphery recognition device according to claim
1, wherein

the information linkage unit transfers the information
relating to the object from the long-distance object
recognition unit to the short-distance object recog-
nition unit or from the short-distance object recogni-
tion unit to the long-distance object recognition unit.

The periphery recognition device according to claim
1, wherein

the first sensor and the second sensor in the periph-
ery recognition device are constituted by a stereo
camera device including a pair of cameras suitable
for detection in a long distance and detection in a
wide angle and a short distance, and

the periphery recognition device further comprising
a three-dimensional distance image generation unit
that performs stereo matching using animage signal
received from the stereo camera device and creates
a three-dimensional distance image for the long dis-
tance and a three-dimensional distance image for
the wide angle and short distance.

The periphery recognition device according to claim
1, wherein

the first sensor and the second sensor are mounted
on a vehicle.

The periphery recognition device according to claim
5, further comprising

a control application processing unit that determines
a control operation to be executed by the vehicle on
which the first sensor and the second sensor are
mounted.

A periphery recognition device comprising:

a sensor that is configured to acquire situation
data outside a vehicle; and

an object recognition unit that detects and rec-
ognizes an object based on the situation data
acquired by the sensor,

wherein the object recognition unit specifies a
relatively-moving body relatively moving from a
recognizable region whereitis possible to detect
and recognize the object to a detectable region
where it is possible to detect the object but dif-
ficult to recognize the object based on a recog-
nition result in the recognizable region.
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